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Description 

This invention relates to dye-receiving elements used in thermal dye transfer, and more particularly to 
receiving elements having cellulosic paper supports. 

5 In recent years, thermal transfer systems have been developed to obtain prints from pictures which 
have been generated electronically from a color video camera. According to one way of obtaining such 
prints, an electronic picture is first subjected to color separation by color filters. The respective color- 
separated images are then converted into electrical signals. These signals are then operated on to produce 
cyan, magenta and yellow electrical signals. These signals are then transmitted to a thermal printer. To 

w obtain the print, a cyan, magenta or yellow dye-donor element is placed face-to-face with a dye-receiving 
element. The two are then inserted between a thermal printing head and a platen roller. A line-type thermal 
printing head is used to apply heat from the back of the dye-donor sheet. The thermal printing head has 
many heating elements and is heated up sequentially in response to the cyan, magenta and yellow signals. 
The process is then repeated for the other two colors. A color hard copy is thus obtained which 

75 corresponds to the original picture viewed on a screen. Further details of this process and an apparatus for 
carrying it out are contained in U.S. Patent No. 4,621 ,271 by Brownstein entitled "Apparatus and Method 
For Controlling A Thermal Printer Apparatus," issued November 4,1986. 

In a thermal dye transfer printing process, it is desirable for the finished prints to compare favorably 
with color photographic prints in terms of image quality. Dye-receiving elements used in thermal dye 

20 transfer generally comprise a polymeric dye image-receiving layer coated on a base or support. The base 
has a major impact on image quality. Image uniformity is dependent on the conformability of the receiver 
base. The look of the final print is largely dependent on the base's whiteness and surface texture. Receiver 
curl before and after printing is desirably minimized. Cellulose paper, synthetic paper, and plastic films have 
all been proposed for use as dye-receiving element supports in efforts to meet these requirements. 

25 U.S. Pat. No. 4,774,224 discloses using a resin coated paper with a surface roughness measurement of 
7.5 Ra microinches-AA or less. This type of paper is generally used for photographic bases, and 
consequently, it has the photographic look. This base has excellent curl properties both before and after 
printing, and due to its simple design is relatively inexpensive to manufacture. However, most commercial 
thermal printers are now being built with low printing pressures to make them more cost-effective. Since 

30 this base is not very conformable under printing conditions with low pressure between a print head and a 
printer drum, it does not yield high uniformity prints. 

U.S. 4,778,782 discloses laminating synthetic paper to a core material, such as natural cellulose paper, 
to form a receiver base, and describes how synthetic paper used alone as a receiver base suffers from curl 
after printing. Synthetic papers are disclosed in, for example, U.S. 3,841,943 and U.S. 3,783,088, and may 

35 be obtained by stretching an orientable polymer containing an incompatible organic or inorganic filler 
material. By this stretching, bonds between the orientable polymer and fillers in the synthetic paper are 
destroyed, whereby microvoids are considered to be formed. These bases provide good uniformity and 
efficiency. The laminated structures do improve curl properties, but still do not meet all curl requirements. 
Although effective, such materials are complex in structure, thick, and thus are relatively costly to 

40 manufacture. 

For thermal dye transfer receivers it is always desirable to have transferred dye images with minimum 
mottle. Mottle-index values (as measured on an instrument such as a Tobias Mottle Tester) are used as a 
means to measure print uniformity, especially the type of nonuniformity called dropouts which manifests 
itself as numerous small unprinted areas. Mottle is conveniently minimized by using heat-resistant smooth 
45 surfaced polymeric film supports such as polyesters, however, these do not have the feel and handling 
properties such as are associated with photographic prints which customarily use a paper stock. When 
paper stock is used for thermal dye-transfer prints there are problems to a greater or lesser degree with 
mottle. 

While generally regarded as desirable, increasing the smoothness of a paper surface itself does not 
so solve all problems. Smooth surface papers are not only costly, but to make papers with high surface 
smoothness, it is necessary to refine the paper fibers to a high degree to obtain good formation. This 
refining also causes the sheet strength to increase. It is known that the pulping process is a factor in fiber 
strength, for example, the kraft process produces inherently strong fibers, whereas the sulfite process 
produces weaker fibers. An increase in fiber strength results in a higher intrinsic sheet stiffness and less 
55 conformance to the thermal head. This in turn creates costly engineering design problems and/or requires 
higher head pressures for the printing equipment. Increased refining of paper fibers thus produces opposing 
properties and can not easily be optimized to obtain improved image uniformity. 
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There is a need to develop a receiver base which can fulfill all of these requirements. That is, a base 
that is planar both before and after printing, yields an image of high uniformity and dye density, has a 
photographic look and is inexpensive to manufacture, ft is thus an object of this invention is to provide a 
base for a thermal dye-transfer receiver which exhibits low curl and good uniformity and provides for 
5 efficient dye-transfer. 

These and other objects are accomplished in accordance with the invention, which comprises a dye- 
receiving element for thermal dye transfer comprising a cellulose fiber paper support having thereon a dye 
image-receiving layer, wherein the paper support has a specific bending stiffness (as described in the 
"Handbook of Physical and Mechanical Testing of Paper and Paperboard," Vol. 1, R. E. Mark, ed., 1983) of 
io less than 0.4 Nm 7 /kg 3 for paper prepared on a continuous Fourdrinier wire machine as measured in the 
machine direction. Paper supports made from cellulose fibers of hardwood varieties selected from those a) 
having a length weighted average fiber length equal to or less than about 0.5 mm as measured after pulping 
and bleaching or b) pulped by the sulfite process have been found to possess the desired bending 
stiffness. 

75 By proper pulp fiber choice, it is possible to create a paper stock which has low intrinsic stiffness and 
therefore the necessary conformance to the thermal head. These fibers are of the hardwood variety. They 
need to be either very short (i.e., equal or less than 0.5 mm length weighted average fiber length after 
pulping and bleaching as measured, e.g., on a Kajaani Automation Inc. FS-100 Fiber Length Analyzer), or 
pulped in such a way (such as the sulfite process) as to be very weak. Consequently they can be refined to 

20 produce a sheet of good surface quality and of the necessary low intrinsic stiffness which will produce a 
thermal dye-transfer receiver for imaging with low mottle. In a preferred embodiment, the paper support 
comprises at least 50% hardwood fibers having a length weighted average fiber length equal to or less than 
about 0.5 mm as measured after pulping and bleaching. 

These papers are preferably formed at 0.05 to 0.25 mm (more preferably 0.10 to 0.20 mm) in thickness 

25 and may be furnished with additives as is described in the art (see US 4,994,147 and EP 0 415 455). These 
additives include wet end starches (at 0 to 3%), poly(amino)amide epichlorohydrin wet strength resins (at 0 
to 1%), alkyl ketene dimers at 0 to 0.75%, inorganic fillers (at 0 to 20%), aluminum chloride, aluminum 
sulfate, polyaluminum chloride or aluminum hydroxychlorides (at 0 to 4%), rosin or fatty acid sizes (at 0 to 
4%), and optical brightening agents (at 0 to 1 %). 

30 These paper may be extrusion coated on the receiver layer side with polyolefins such as polyethylene 
or polypropylene which may optionally contain white pigments such as titanium dioxide or zinc oxide. 
Alternatively, these papers may be laminated with oriented microvoided packaging films or synthetic 
papers. The laminations can be carried out as an extrusion lamination using polyolefins or by a variety of 
adhesives such as are used in the art. 

35 The back-side of the paper supports (i.e., the side opposite to the receiver layer) may also similarly be 
coated or laminated with a polymeric layer, packaging film, and/or synthetic paper, and may also further 
include a backing layer such as those disclosed in U.S. Pat. Nos. 5,01 1 ,814 and 5,096,875. 

The dye image-receiving layer of the receiving elements of the invention may comprise, for example, a 
polycarbonate, a polyurethane, a polyester, polyvinyl chloride, poly(styrene-co-acrylonitrile), poly- 

40 (caprolactone) or mixtures thereof. The dye image-receiving layer may be present in any amount which is 
effective for the intended purpose. In general, good results have been obtained at a concentration of from 
about 1 to about 10 g/m 2 . An overcoat layer may be further coated over the dye-receiving layer, such as 
described in U.S. Pat. No. 4,775,657. 

Dye-donor elements that are used with the dye-receiving element of the invention conventionally 

45 comprise a support having thereon a dye containing layer. Any dye can be used in the dye-donor 
employed in the invention provided it is transferable to the dye-receiving layer by the action of heat. 
Especially good results have been obtained with sublimable dyes. Dye donors applicable for use in the 
present invention are described, e.g., in U.S. patent nos. 4,916,112, 4,927,803 and 5,023,228. 

As noted above, dye-donor elements are used to form a dye transfer image. Such a process comprises 

so imagewise-heating a dye-donor element and transferring a dye image to a dye-receiving element as 
described above to form the dye transfer image. 

In a preferred embodiment of the invention, a dye-donor element is employed which comprises a poly- 
ethylene terephthalate) support coated with sequential repeating areas of cyan, magenta and yellow dye, 
and the dye transfer steps are sequentially performed for each color to obtain a three-color dye transfer 

55 image. Of course, when the process is only performed for a single color, then a monochrome dye transfer 
image is obtained. 

Thermal printing heads which can be used to transfer dye from dye-donor elements to the receiving 
elements of the invention are available commercially. There can be employed, for example, a Fujitsu 
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Thermal Head (FTP-040 MCS001), a TDK Thermal Head F415 HH7-1089 or a Rohm Thermal Head KE 
2008-F3. Alternatively, other known sources of energy for thermal dye transfer may be used, such as 
lasers as described in, for example, GB No. 2.083.726A. 

A thermal dye transfer assemblage of the invention comprises (a) a dye-donor element, and (b) a dye- 
5 receiving element as described above, the dye-receiving element being in a superposed relationship with 
the dye-donor element so that the dye layer of the donor element is in contact with the dye image-receiving 
layer of the receiving element. 

When a three-color image is to be obtained, the above assemblage is formed on three occasions during 
the time when heat is applied by the thermal printing head. After the first dye is transferred, the elements 
w are peeled apart. A second dye-donor element (or another area of the donor element with a different dye 
area) is then brought in register with the dye-receiving element and the process repeated. The third color is 
obtained in the same manner. 

The following examples are provided to further illustrate the invention. 

75 Example 1 

Paper stocks were produced for the receiver elements from the indicated fibers or fiber blends on a 
production scale fourdrinier paper machine and had a furnish that included the following chemicals based 
on dry fiber weight: alkyl ketene dimer (0.15%), cationic starch (1.0%), polyaminoamide epichlorhydrin 
20 (0.2%), polyacrylamide resin (0.1%), diaminostilbene optical brightener (0.14%) and sodium bicarbonate 
(1 %). The papers were surface sized by treatment with a solution of hydroxyethylated starch and sodium 
chloride. The chemical addenda and surface sizing are well-know techniques in the paper art and are not 
considered critical to the practice of the invention. The following paper stocks were produced: 

A1) A paper made from a 1:1 blend of Pontiac Maple 51 (a bleached maple hardwood kraft of 0.5 mm 
25 length weighted average fiber length) (Consolidated Pontiac, Inc.) and Alpha Hardwood Sulfite (a 
bleached red-alder hardwood sulfite of 0.69 mm average fiber length) (Weyerhaeuser Paper Co.) formed 
at 0.17 mm thickness and 0.18 kg/m 2 basis weight. 
A2) As A1 but formed at 0.14 mm thickness and 0.16 kg/m 2 basis weight. 
A3) As A1 but formed at 0.13 mm thickness and 0.15 kg/m 2 basis weight. 
30 A4) A paper made from Pontiac Maple 51 fibers only formed at 0.15 mm thickness and 0.17 kg/m 2 basis 
weight. 

A5) As A4 but formed at 0.12 mm thickness and 0.15 kg/m 2 basis weight. 
The produced paper stocks were each extruded on the receiver side with pigmented polypropylene- 
polyethylene (80:20 wt. ratio) containing anatase titanium dioxide (approximately 6 weight %) and zinc oxide 
35 (1.5 weight %) at a total coverage of 22 g/m 2 . The back side of each stock was extruded with unpigmented 
polyethylene at 22 g/m 2 and had a gelatin based antistat-anticurl coating commonly used in the photo- 
graphic art. 

Thermal dye transfer receiver elements were prepared by coating the following layers in order on the 
pigmented polyolefin layer coated paper stock supports: 
40 a) Subbing layer of Z-6020 (an aminoalkylene aminotrimethoxysilane) (Dow Corning Co.) (0.10 g/m 2 ) 
from ethanol. 

b) Dye receiving layer of Makrolon 5700 (a bisphenol-A polycarbonate)(Bayer AG)(1.6 g/m 2 ), a co- 
polycarbonate of bisphenol-A and diethylene glycol (1.6 g/m 2 ), diphenyl phthalate (0.32 g/m 2 ), di-n-butyl 
phthalate (0.32 g/m 2 ), and Fluorad FC-431 (fluorinated dispersant)(3M Corp.) (0.011 g/m 2 ) from dich- 

45 loromethane. 

c) Dye receiver overcoat layer of a linear condensation polymer considered derived from carbonic acid, 
bisphenol-A and diethylene glycol (50:50 mole ratio) (0.22 g/m 2 ), 510 Silicone Fluid (Dow Corning Co.y 
(0.16 g/m 2 ), and Fluorad FC-431 (0.032 g/m 2 ) from dichloromethane. 

Control receivers were produced with paper stocks C1 and C2: 

50 C1) A paper made from a 1:1 blend of Pontiac Hardwood PF81 (a bleached predominantly birch, maple 
and poplar kraft of 0.7 mm length weighted average fiber length) (Consolidated Pontiac, Inc.) and 
Tempure 95 (a bleached predominantly spruce and balsam softwood sulfite of 1.6 mm length weighted 
average fiber length) (Tembec Inc.) formed at 0.19 mm thickness and 0.19 kg/m 2 basis weight. This 
stock is not unlike that used for commercial photographic papers. The same extruded polyolefin layers 

55 and (a) subbing layer, (b) dye-receiving layer, and (c) dye-receiver overcoat were coated to form the 
control receiver as described above for the invention receivers. 

C2) A paper made from a 3:1 blend of Bleached Eucalyptus Kraft Pulp (a bleached eucalyptus hardwood 
kraft of 0.7 mm length weighted average fiber length) (Aracruz Cellulose, S.A.) and Pontiac Maple 51 (a 
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bleached hardwood maple kraft of 0.5 mm length weighted average fiber length) formed at 0.16 mm 
thickness and 0.17 kg/m 2 basis weight. The same extruded polyolefin layers, (b) dye-receiving layer, and 
(c) dye-receiver overcoat were coated to form the control receiver as described above for the invention 
receivers. A subbing layer of 0.07 g/m 2 poly(acrylonitrile-co-vinylidene chloride-co-acrylic acid) (1 5:78:7 
5 wt. ratio) was coated from methylethylketone in place of subbing layer (a). 

A paper stock used on a commercial sample of a thermal dye-transfer receiver was evaluated as a 
comparison: 

C3) A paper stock isolated from Fujix Video Graphic Paper VP-H100 (Fujix Photo Film KK). This thermal 
print paper consists of a polyester receiving layer, and polyolefin layer coated on a 0.16 mm thick paper 
10 stock. The dye-receiver polymer layer was removed by xylene treatment as described below. Physical 
properties suggest the paper stock consists of red alder hardwood sulfite fibers, mixed hardwood kraft 
fibers (primarily maple, birch and poplar), and mixed softwood fibers (primarily spruce and balsam 
species) approximately equal or greater than 0.6 mm length weighted average fiber length. Because this 
was a commercial sample, the fiber length had to be measured after being processed into paper and 
;5 redispersed as a slurry which would effectively shorten average fiber length. 

Fiber lengths of all pulps except the commercial sample C3 were evaluated using an FS-100 Fiber 
Length Analyzer (Kajaani Automation Inc.). 

For the purposes of evaluation of basis weight and stiffness on an equivalent basis, each complete 
receiver with extruded polyolefin layer, subbing layer, dye-receiving layer, and dye-receiver overcoat layer 
20 was subjected to a solvent treatment to remove all coated layers from the paper stock itself. The dye 
receiver was treated with agitation for one minute in a tray of xylene heated between 32 and 38 *C. This 
process was repeated using a second portion, after which the paper sample was air dried on paper toweling 
and conditioned to 50% RH, 22 'C. 

The basis weight of each paper was determined by weighting a 38 cm x 70 cm area of each solvent 
25 treated and conditioned paper stock. Basis weight (kg/m 2 ) and thickness (mm) then determine density 
(kg/m 3 ). Thickness was determined by a TMI Caliper Gauge (Texting Machines, Inc.). 

The inherent sheet strength of the paper stock was measured by determining the bending stiffness (S b ) 
and then calculating the specific bending stiffness (S b *) as described in the "Handbook of Physical and 
Mechanical Testing of Paper and Paperboard Vol 1", R. E. Mark, ed. 1983. The force required to bend a 38 
30 mm x 70 mm area of paper stock (the same sample as used for basis weight) through a 15 degree angle 
(0.262 radians) over a span of 20 mm was determined using the SCAN-p29 method using a L and W 10-1 
Stiffness Tester (Lorentzen and Wettre Co.) and using the following relationship: 

S b = [60(F)(t 2 )M9 „] 


where: 


s b 

= bending stiffness (Newton meters, Nm) 

F 

= measured bending force (Nm/mm) 

6 

= angle (15-) 


= 3.141592654 

I 

= span (20 mm) 


To compare stiffness for materials of different basis weights, specific bending stiffness (S b "), is 
calculated: 

45 S b " = (SbVW 3 

where: 

S b * = specific bending stiffness (Nm 7 /kg 3 ) 
W = basis weight (kg/m 2 ) 
so Magenta dye containing thermal dye transfer donor elements were prepared by coating on 6 urn poly- 
ethylene terephthalate) support: 

a) a subbing layer of Tyzor TBT (a titanium tetra-n-butoxide) (duPont Co.) (0.12 g/m 2 ) from 1-butanol. 

b) a dye-layer containing the magenta dyes illustrated below (0.12 and 0.13 g/m 2 ) and S-363 (Shamrock 
Technologies, Inc.) (a micronized blend of polyolefin and oxidized polyolefin particles) (0.016 g/m 2 ), in a 

55 cellulose acetate propionate binder (2.5% acetyl, 45% propionyl) (0.40 g/m 2 ) from a toluene, methanol, 
and cyclopentanone solvent mixture. 
On the backside of the dye donor element was coated: 

a) a subbing layer of Tyzor TBT (a titanium tetra-n-butoxide) (duPont Co.) (0.12 g/m 2 ) from 1-butanol 
5 
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b) a slipping layer of Emralon 329 (a dry film lubricant of poly(tetrafluoroethylene) particles) (Acheson 
Colloids Co.) (0.59 g/m 2 ), BYK-320 (a polyoxyalkylene-methylalkyl siloxane copolymer) (BYK Chemie 
USA) (0.006 g/m 2 ), PS-513 (an aminopropyl dimethyl terminated poly dimethyl siloxane) (Petrarch 
Systems, Inc.) (0.006 g/m 2 ), and S-232 (a micronized blend of polyethylene and carnauba wax particles) 
s (Shamrock Technologies, Inc.) (0.016 g/m 2 ) coated from a toluene, n-propyl acetate, 2-propanol and 1- 
butanol solvent mixture. 
The magenta dye structures are: 



The dye side of the dye-donor element approximately 1 0 cm x 1 5 cm in area was placed in contact 

with the polymeric receiving layer side of the dye-receiver element of the same area. The assemblage was 
30 fastened to the top of a motor-driven 56 mm diameter rubber roller and a TDK Thermal Head L-231 (No. 6- 

2R16-1), thermostated at 26 "C, was pressed with a force of 9 Newtons against the dye-donor element side 

of the assemblage pushing it against the rubber roller. 

The imaging electronics were activated and the assemblage was drawn between the printing head and 

roller at 7 mm/sec. Coincidental^, the resistive elements in the thermal print head were pulsed at 128 usee 
35 intervals (29 usec/pulse) during the 33 msec/dot printing time. The voltage supplied to the print head was 

approximately 23.5v with a power of approximately 1 .3 watts/dot and energy of 7.6 mjoules/dot to create a 

"mid-scale" test image of uniform density (0.2-0.5 density units) over an area of approximately 9 cm x 12 

cm. 

After printing the donor element was separated from the receiving element and the nonuniformity 
40 (mottle) of the magenta image was measured on a Tobias MT1 Mottle Tester (Tobias Associates, Inc.) at 64 
readings/data point, 0.38 mm spacing, 186 data points/scan, 4.5 mm filter width, 20 scans/sample. Three 
replicates of each sample were printed and measured for uniformity. The average mottle index obtained is 
tabulated in Table I below for each different paper stock. 

A mottle index of not greater than 350 is desired; receiver images stocks with a mottle index greater 
45 than 350 have been found by experience to be visually objectionable. 


50 


55 
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Table I 


Paper Stock 

Bending Stiffness (Nm) 

Specific Bending 
Stiffness (Nm 7 /kg 3 ) 

Mottle Index (Relative) 

A1 

0.0018 

0.31 

270 

A2 

.0013 

0.32 

270 

A3 

.0010 

0.30 

270 

A4 

.0016 

0.33 

280 

A5 

.0008 

0.24 

280 

C1 

.0029 

0.42 

390 

C2 

.0021 

0.43 

>500 

C3 

.0024 

0.49 

>500 


The data above show that a specific bending stiffness as measured in the machine direction of less 
20 than 0.40 for paper stock made on a production scale fourdrinier paper machine will result in a thermal dye- 
transfer receiver with lessened mottle. Paper stock which produces a receiver of low mottle is characterized 
as derived from hardwood fibers either very short in length or pulped by a process, such as the sulfite 
process, that gives characteristically weak fibers. 

25 Example 2 

This example is similar to Example 1 and uses paper stocks produced on a production scale fourdrinier 
paper machine but instead of single extruded polyolefin layer, a microvoided composite packaging film was 
extrusion laminated with unpigmented low density polyethylene to the paper stock. The polyethylene inner 
so layer was present at 1 3 g/m 2 . The backside of the paper stock was extruded with high density polyethylene 
(22 g/m 2 ). 

The microvoided composite packaging film used was BICOR OPPalyte 300 HW (Mobil Chemical Co.)- 
(38 urn thick) consisting of a microvoided and orientated polypropylene core (approximately 75% of the 
total film thickness) with a layer of non-microvoided orientated polypropylene on each side. 
35 The following paper stock was produced: 

A6) As A1 formed at 0.16 mm thickness and 0.18 kg/m 2 basis weight. 

Thermal dye transfer receivers were prepared as described in Example 1 by coating the same three 
layers (a) subbing layer, (b) dye-receiving layer, and (c) dye-receiver overcoat layer, except the polymer for 
the overcoat layer was a linear condensation polymer considered derived from carbonic acid, bisphenol-A, 
40 diethylene glycol, and an aminopropyl terminated poly dimethylsiloxane (49:49:2 mole ratio) (0.22 g/m 2 ). 

A paper stock was produced for a control receiver C4 (the same microvoided composite packaging film 
was extrusion laminated with unpigmented polyethylene to the paper stock and the same three layers (a) 
subbing layer, (b) dye-receiving layer, and (c) dye-receiver overcoat layer were coated as described above 
for the invention receivers), differing only in the composition of the paper stock. 
45 C4) As C1 formed at 0.20 mm thickness and 0.19 kg/m 2 basis weight. This stock is not unlike that used 
for commercial photographic papers. 

The same xylene solvent treatment was used prior to evaluation of the basis weight, bending stiffness, 
and specific bending stiffness for the invention and control as described in Example 1. 

The same magenta dye-donor, printing procedure to produce a mid-scale magenta image and mottle 
so evaluation were prepared and used as in Example 1. The results are presented in Table II. 


7 
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Table II 


Paper Stock 

Bending Stiffness (Nm) 

Specific Bending 
Stiffness (Nm 7 /kg 3 ) 

Mottle Index (Relative) 

A6 

0.0015 

0.26 

200 

C4 

0.0030 

0.44 

420 


10 The above data show the lessened mottle obtained from the hardwood blend paper stock of the 
invention compared to the control consisting of the hardwood-softwood blend. 

Example 3 

75 This example is similar to Example 1 but provides additional data on paper stocks produced in a 
laboratory sheet mold rather than a production scale fourdrinier paper machine. The wood pulp fibers were 
first refined in a valley beater as described in TAPPI T200 OM-85. Each fiber slurry was diluted to 1% 
based on the dry fiber, and the following chemicals based on the dry fiber weight were added: alkyl ketene 
dimer (0.15%), cationic corn starch (1.0%), poly (amino) amide epichlorhydrin resin (0.2%), and 

20 polyacrylamide resin (0.1%) diaminostilbene optical brightener (0.14%) and sodium carbonate (1%). Paper 
sheets were form at 3.4 g as described in TAPPI T205 OM-88 except that the pressed sheets were dried on 
a felted drum dryer at 95 * C. All dried sheets were calendered to bring them to their final density. 

Each sheet was fastened to a paper web and then overcoated with pigmented polyethylene containing 
anatase titanium dioxide (approximately 6 weight %) and zinc oxide (1.5 weight %) at a total coverage of 19 

25 g/m 2 . The backside of each sheet was also coated with 19 g/m 2 unpigmented polyethylene. These paper 
stocks with the polyolefin layers represented the thermal dye-transfer receivers. 
The following paper stocks were produced: 

A7) As A4 and formed at 0.15 mm thickness and 0.17 kg/m 2 basis weight. 

A8) A paper made from Alpha Hardwood Sulfite (a bleached red alder hardwood sulfite of 0.7 mm length 
30 weighted average fiber length) (Weyerhauser Paper Co.) formed at 0.15 mm thickness and 0.19 kg/m 2 
basis weight. 

A9) As A1 and formed at 0.15 mm thickness and 0.18 kg/m 2 basis weight. 
Paper stocks were produced on a laboratory sheet mold as described above as controls (the same 
extruded polyolefin layers were present on the front and back and as with the paper stocks of the invention; 
35 no dye-receiver layers as such were coated): 

C5) A paper made from Pinacle Prime (a bleached primarily oak hardwood kraft of 0.8 mm length 
weighted average fiber length) (Westvaco Corp.) formed at 0.16 mm thickness and 0.19 kg/m 2 basis 
weight. 

C6) A paper made from Port Hudson Hardwood (a bleached mixed oak, gum, elm, and ash hardwood 
40 kraft of 0.9 mm length weighted average fiber length (Georgia Pacific Co.) formed at 0.1 5 mm thickness 
and 0.19 kg/m 2 basis weight. 

C7) A paper made from Leaf River 90 Bleached Hardwood (a bleached oak and gum mixture hardwood 
kraft of 0.9 mm length weighted average fiber length (Georgia Pacific Co.) formed at 0.1 6 mm thickness 
and 0.19 kg/m 2 basis weight. 
45 C8) A paper made from Prince Albert Aspen Hardwood (a bleached aspen hardwood kraft of 0.7 mm 
length weighted average fiber length) formed at 0.15 mm thickness and 0.18 kg/m 2 basis weight. 
C9) As C1 and formed at 0.16 mm and 0.19 kg/m 2 basis weight. This stock is not unlike that used for 
commercial photographic papers. 

C10) A paper made from Kamloops Kraft (a bleached blend of British Columbian softwood kraft of 2.2 
so mm length weighted average fiber length) formed at 0.16 mm thickness and 0.19 kg/m 2 basis weight. 

C11) A paper made from Columbus Pine (a bleached mixed southern yellow pine softwood kraft of 2.3 
mm length weighted average fiber length) formed at 0.16 mm thickness and 0.20 kg/m 2 basis weight. 
C12) A paper made from Leaf River 90 (a bleached loblolly pine softwood kraft of 2.4 mm length 
weighted average fiber length) formed at 0.16 mm thickness and 0.18 kg.m 2 basis weight. 
55 Basis weight, bending stiffness and specific bending stiffness as described in Example 1 were 
measured on the hand sheets before polyolefin extrusion. 

The same magenta dye-donor, printing procedure to produce a mid-scale magenta image, and mottle 
evaluation were prepared and used as in Example 1 except the printing was done directly on the pigmented 

8 


Copied from 1.0<>58899 on 03/29/2007 


EP 0 551 893 B1 

polyethylene resin. The results are presented in Table III. 

Table III 


Paper Stock 

Bending Stiffness (Nm) 

Specific Bending 
Stiffness (Nm 7 /kg 3 ) 

Mottle Index (Relative) 

A7 

0.0012 

0.21 

250 

A8 

0.0012 

0.17 

320 

A9 

0.0013 

0.19 

280 

C5 

0.0016 

0.23 

410 

C6 

0.0015 

0.22 

390 

C7 

0.0017 

0.25 

370 

C8 

0.0017 

0.29 

380 

C9 

0.0017 

0.25 

360 

C10 

0.0021 

0.31 

>500 

C11 

0.0022 

0.28 

470 

C12 

0.0017 

0.29 

>500 


The data above show that the A7 hardwood kraft short fibered paper (approximately 0.5 mm in length), 
A8 hardwood sulfite paper, or A9 hardwood kraft and hardwood sulfite blend paper when used as the paper 
stock for a thermal dye transfer receiver all gave less mottle than any of the comparisons using a hardwood 
kraft of longer fiber length (approximately 0.7 mm or greater) C5 to C8, or the softwood kraft comparisons 
C10 to C12. The paper C9, resembling commercial photographic paper stock composed of a hardwood 
kraft of long fiber length and a softwood kraft was also unsatisfactory. 

In Example 1 and 2 it was indicated that a specific bending stiffness of less 0.4 was desirable. The 
specific bending stiffness for these hand sheets is not directly comparable to papers made on a production 
machine due to lack of fiber orientation and lack of directionality of drying restraint. In this instance a 
specific bending stiffness of less than 0.22 appears desirable (for example S b * of 0.21 for A9 compares to 
S b * of 0.31 for A1 and S b * of 0.24 for C9 compares to S b * of 0.41 for C1) for paper stocks produced in a 
laboratory sheet mold rather than a production scale fourdrinier paper machine. 

Claims 

1. A dye-receiving element for thermal dye transfer comprising a cellulose fiber paper support having 
thereon a dye image-receiving layer, characterized in that the paper support has a specific bending 
stiffness of less than about 0.4 Nm 7 /kg 3 for paper prepared on a continuous Fourdrinier wire machine 
as measured in the machine direction. 

2. The element of claim 1, further characterized in that a polyolefin layer is coated between the paper 
support and the dye image-receiving layer. 

3. The element of claim 2, characterized in that the polyolefin layer is pigmented. 

4. The element of claim 1, further characterized in that a microvoided polymeric layer is present between 
the paper support and the dye image-receiving layer. 

5. The element of claim 1 , further characterized in that the paper support has a thickness of from 0.05 to 
0.25 mm. 

6. The element of claim 1 , further characterized in that the cellulose fibers of the paper support are fibers 
of hardwood varieties selected from those a) having a length weighted average fiber length equal to or 
less than about 0.5 mm as measured after pulping and bleaching or b) pulped by the sulfite process. 
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7. The element of claim 6, further characterized in that the cellulose fibers of the paper support comprise 
at least 50% hardwood fibers having a length weighted average fiber length equal to or less than about 
0.5 mm as measured after pulping and bleaching. 

5 a The element of claim 6, further characterized in that the cellulose fibers of the paper support consist 
essentially of hardwood fibers having a length weighted average fiber length equal to or less than about 
0.5 mm as measured after pulping and bleaching. 

9. A process of forming a dye transfer image comprising: 
10 a) imagewise-heating a dye-donor element comprising a support having thereon a dye layer 

comprising a dye dispersed in a binder, and 

b) transferring a dye image to a dye-receiving element comprising a cellulose fiber paper support 
having thereon a dye image-receiving layer to form said dye transfer image, 

characterized in that the cellulose fibers of the paper support are fibers of hardwood varieties selected 
J5 from those a) having a length weighted average fiber length equal to or less than about 0.5 mm as 

measured after pulping and bleaching or b) pulped by the sulfite process, the paper support having a 

specific bending stiffness of less than about 0.4 Nm 7 /kg 3 for paper prepared on a continuous 

Fourdrinier wire machine as measured in the machine direction. 

20 10. A thermal dye transfer assemblage comprising: 

a) a dye-donor element comprising a support having thereon a dye layer comprising a dye 
dispersed in a binder, and 

b) a dye-receiving element comprising a cellulose fiber paper support having thereon a dye image- 
receiving layer, said dye-receiving element being in a superposed relationship with said dye-donor 

25 element so that said dye layer is in contact with said dye image-receiving layer, 

characterized in that the cellulose fibers of the paper support are fibers of hardwood varieties selected 
from those a) having a length weighted average fiber length equal to or less than about 0.5 mm as 
measured after pulping and bleaching or b) pulped by the sulfite process, the paper support having a 
specific bending stiffness of less than about 0.4 Nm 7 /kg 3 for paper prepared on a continuous 

30 Fourdrinier wire machine as measured in the machine direction. 

Patentanspruche 

1. Farbstoff-Empfangselement fiir die thermische Farbstoffiibertragung mit einem Cellulosefaser-Papiertra- 
35 ger, auf dem sich eine Farbbild-Empfangsschicht befindet, dadurch gekennzeichnet, daB der Papiertra- 
ger eine spezifische Biegefestigkeit von weniger als etwa 0,4 Nm 7 /kg 3 fOr Papier, hergestellt auf einer 
kontinuierlich arbeitenden Fourdrinier-Drahtnetzmaschine, gemessen in der Maschinenrichtung, auf- 
weist. 

40 2. Element nach Anspruch 1, weiter dadurch gekennzeichnet, daB zwischen dem Papiertrager und der 
Farbbild-Empfangsschicht eine Polyolefinschicht aufgetragen ist. 

3. Element nach Anspruch 2, dadurch gekennzeichnet, da3 die Polyolefinschicht pigmentiert ist. 

45 4. Element nach Anspruch 1 , weiter dadurch gekennzeichnet, daB eine Mikroporen aufweisende polymere 
Schicht zwischen dem Papiertrager und der Farbbild-Empfangsschicht vorhanden ist. 

5. Element nach Anspruch 1, weiter dadurch gekennzeichnet, daB der Papiertrager eine Dicke von 0,05 
bis 0,25 mm aufweist. 

50 

6. Element nach Anspruch 1 , weiter dadurch gekennzeichnet, daB die Cellulosefasern des Papiertragers 
Fasern von Hartholzsorten sind, ausgewahlt aus solchen von a) die eine Langen-gewichtete mittlere 
Faserlange gleich Oder kleiner als 0,5 mm, gemessen nach dem HolzaufschluB und Bleichen aufweisen 
Oder b) die nach dem Sulfitverfahren aufgeschlossen wurden. 

7. Element nach Anspruch 6, weiter dadurch gekennzeichnet, daB die Cellulosefasern des Papiertragers 
zu mindestens 50 % aus Hartholzfasern mit einer Langen-gewichteten mittleren Faserlange von gleich 
oder kleiner als etwa 0,5 mm, gemessen nach dem HolzaufschluB und Bleichen, bestehen. 
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8. Element nach Anspruch 6, waiter dadurch gekennzeichnet, daB die Cellulosefasern des Papiertragers 
im wesentlichen aus Hartholzfasern bestehen, die eine Langen-gewichtete mittlere Faserlange von 
gleich oder kleiner als etwa 0,5 mm, gemessen nach dem HolzaufschluB und Bleichen, aufweisen. 

5 9. Verfahren zur Herstellung eines FarbstoffUbertragungsbildes, bei dem man: 

a) ein Farbstoff-Donorelement mit einem Trager, auf dem sich eine Farbstoffschicht mit einem in 
einem Bindemittel dispergierten Farbstoff befindet, bildweise erhitzt, und 

b) ein Farbstoffbild auf ein Farbstoff-Empfangselement ubertragt, das einen Cellulosefaser-Papiertra- 
ger aufweist, auf dem sich eine Farbbild-Empfangsschicht befindet, unter Erzeugung des Farbstoff- 

10 Ubertragungsbildes, 

dadurch gekennzeichnet, daB die Cellulosefasern des Papiertragers Fasern aus Hartholzsorten sind, die 
ausgewahlt sind aus jenen a) mit einer Langen-gewichteten mittleren Faserlange von gleich oder 
kleiner als etwa 0,5 mm, gemessen nach dem HolzaufschluB und Bleichen, oder b) aufgeschlossen 
nach dem Sulfitverfahren, wobei der Papiertrager eine spezifische Biegefestigkeit von weniger als etwa 

;5 0,4 Nm 7 /kg 3 fur Papier, hergestellt auf einer kontinuierlich arbeitenden Fourdrinier-Drahtnetzmaschine, 
gemessen in der Maschinenrichtung, aufweist. 

10. Zusammenstellung fur die thermische Farbstoffubertragung mit: 

a) einem Farbstoff-Donorelement mit einem Trager, auf dem sich eine Farbstoffschicht mit einem in 
20 einem Bindemittel dispergierten Farbstoff befindet, und 

b) einem Farbstoff-Empfangselement mit einem Cellulosefaser-Papiertrager, auf dem sich eine 
Farbbild-Empfangsschicht befindet, wobei sich das Farbstoff-Empfangselement in Gbergeordneter 
Beziehung zu dem Farbstoff-Donorelement befindet, so daB die Farbstoffschicht in Kontakt mit der 
Farbbild-Empfangsschicht gelangt, 

25 dadurch gekennzeichnet, daB die Cellulosefasern des Papiertragers Fasern aus Hartholzsorten sind, die 
ausgewahlt sind aus jenen a) mit einer Langen-gewichteten mittleren Faserlange von gleich oder 
kleiner als etwa 0,5 mm, gemessen nach dem HolzaufschluB und Bleichen, oder b) aufgeschlossen 
nach dem Sulfitverfahren, wobei der Papiertrager eine spezifische Biegefestigkeit von weniger als etwa 
0,4 Nm 7 /kg 3 fur Papier, hergestellt auf einer kontinuierlich arbeitenden Fourdrinier-Drahtnetzmaschine, 

30 gemessen in der Maschinenrichtung, aufweist. 

Revendlcatfons 

1. Element donneur de colorant pour transfert de colorant par la chaleur comprenant un support de papier 
35 de fibres de cellulose sur lequel se trouve une couche receptrice d'image caractirise' en ce que le 
support de papier a une rigidite a la flexion sp^cifique infe>ieure a environ 0,4 Nm 7 /kg 3 pour un papier 
prepare sur une machine a papier Fourdrinier a toile continue, telle que mesuree dans la direction de la 
machine. 

40 2. Element selon la revendication 1 dans lequel une couche de polyolefine est appliquee entre le support 
de papier et la couche receptrice d'image de colorant. 

3. Element selon la revendication 2 dans lequel la couche de polyolefine est pigmentee. 

45 4. Element selon la revendication 1 dans lequel une couche polymere a microvides est presente entre le 
support de papier et la couche receptrice d'image de colorant. 

5. Element selon la revendication 1 dans lequel le support de papier a une epaisseur de 0,05 a 0,25 mm. 

so 6. Element selon la revendication 1 dans lequel les fibres de cellulose du support de papier sont des 
fibres de bois non resineux choisies parmi celles a) ayant une longueur de fibre moyenne ponderee 
inferieure ou egale a 0,5 mm mesuree apres fabrication de la pate a papier et blanchiment ou b) 
obtenues par le procede de fabrication de la pate au bisulfite. 

55 7. Element selon la revendication 6 dans lequel les fibres de cellulose du support de papier comprennent 
au moins 50 % de bois non resineux ayant une longueur de fibre moyenne ponderee inferieure ou 
egale a 0,5 mm mesuree apres fabrication de la pate a papier et blanchiment. 
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a Element selon la revendication 6 dans lequel les fibres de cellulose du support de papier consistent 
essentiellement en fibres de bois non resineux ayant une longueur de fibre moyenne ponderee 
inferieure ou egale a 0,5 mm mesuree apres fabrication de la pate a papier et blanchiment. 

5 9. Procede pour former une image par transfert de colorant dans lequel : 

a) on chauffe conformement a I'image un element donneur de colorant comprenant un support 
recouvert d'une couche de colorant comprenant un colorant disperse dans un liant, et 

b) on transfere I'image de colorant sur un 6l6ment recepteur de colorant comprenant un support de 
papier de fibres de cellulose recouvert d'une couche receptrice d'image de colorant pour former 

10 I'image de colorant par transfert de colorant, 

caracterise en ce que les fibres de cellulose du support de papier sont des fibres de varietes non 
resineuses choisies parmi celles a) ayant une longueur de fibre moyenne ponderee inferieure ou egale 
a 0,5 mm mesuree apres fabrication de la pate a papier et blanchiment ou b) obtenues par le procede' 
de fabrication de la pate au bisulfite, le support de papier ayant une rigidite a la flexion specifique 

75 inferieure a environ 0,4 Nm 7 /kg 3 pour un papier prepare sur une machine a papier Fourdrinier a toile 
continue, telle que mesuree dans la direction de la machine. 

10. Assemblage pour transfert de colorant par la chaleur comprenant 

a) un element donneur de colorant comprenant un support recouvert d'une couche de colorant 
20 comprenant un colorant disperse dans un liant, et 

b) un element recepteur de colorant comprenant un support de papier de fibres de cellulose 
recouvert d'une couche receptrice d'image de colorant, l'€l£ment recepteur de colorant et i'6l6ment 
donneur de colorant etant superposes de sorte que la couche de colorant est en contact avec la 
couche receptrice d'image de colorant, 

25 caracterise en ce que les fibres de cellulose du support de papier sont des fibres de varietes non- 
nSsineuses choisies parmi celles a) ayant une longueur de fibre moyenne ponderee inferieure ou 6gale 
a 0,5 mm mesuree apres fabrication de la pite a papier et blanchiment ou b) obtenues par le procede 
de fabrication de la pate au bisulfite, le support de papier ayant une rigidite a la flexion specifique 
inferieure a environ 0,4 Nm 7 /kg 3 pour un papier prepare sur une machine a papier Fourdrinier a toile 

30 continue, telle que mesuree dans la direction de la machine. 


35 


45 
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Description 

[0001] This invention relates to dye-receiving elements used in thermal dye transfer, and more particularly to receiving 
elements having cellulosic paper supports. 

5 [0002] In recent years, thermal transfer systems have been developed to obtain prints from pictures which have been 
generated electronically from a color video camera. According to one way of obtaining such prints, an electronic picture 
is first subjected to color separation by color filters. The respective color-separated images are then converted into 
electrical signals. These signals are then operated on to produce cyan, magenta and yellow electrical signals. These 
signals are then transmitted to a thermal printer. To obtain the print, a cyan, magenta or yellow dye-donor element is 

10 placed face-to-face with a dye-receiving element. The two are then inserted between a thermal printing head and a 
platen roller. A line-type thermal printing head is used to apply heat from the back of the dye-donor sheet. The thermal 
printing head has many heating elements and is heated up sequentially in response to the cyan, magenta and yellow 
signals. The process is then repeated for the other two colors. A color hard copy is thus obtained which corresponds 
to the original picture viewed on a screen. Further details of this process and an apparatus for carrying it out are 

15 contained in U.S. Patent No. 4,621,271 by Brownstein entitled "Apparatus and Method For Controlling A Thermal 
Printer Apparatus," issued November 4,1986. 

[0003] In a thermal dye transfer printing process, it is desirable for the finished prints to compare favorably with color 
photographic prints in terms of image quality. Dye-receiving elements used in thermal dye transfer generally comprise 
a polymeric dye image-receiving layer coated on a base or support. The base has a major impact on image quality. 
20 Image uniformity is dependent on the conformability of the receiver base. The look of the final print is largely dependent 
on the base's whiteness and surface texture. Receiver curl before and after printing is desirably minimized. Cellulose 
paper, synthetic paper, and plastic films have all been proposed for use as dye-receiving element supports in efforts 
to meet these requirements. 

[0004] U.S. Pat. No. 4,774,224 discloses using a resin coated paper with a surface roughness measurement of 7.5 
25 Ra microinches-AA or less. This type of paper is generally used for photographic bases, and consequently, it has the 
photographic look. This base has excellent curl properties both before and after printing, and due to its simple design 
is relatively inexpensive to manufacture. However, most commercial thermal printers are now being built with low 
printing pressures to make them more cost-effective. Since this base is not very conformable under printing conditions 
with low pressure between a print head and a printer drum, it does not yield high uniformity prints. 
30 [0005] U.S. 4,778,782 discloses laminating synthetic paper to a core material, such as natural cellulose paper, to 
form a receiver base, and describes how synthetic paper used alone as a receiver base suffers from curl after printing. 
Synthetic papers are disclosed in, for example, U.S. 3,841 ,943 and U.S. 3,783,088, and may be obtained by stretching 
an orientable polymer containing an incompatible organic or inorganic filler material. By this stretching, bonds between 
the orientable polymer and fillers in the synthetic paper are destroyed, whereby microvoids are considered to be formed. 
35 These bases provide good uniformity and efficiency. The laminated structures do improve curl properties, but still do 
not meet all curl requirements. Although effective, such materials are complex in structure, thick, and thus are relatively 
costly to manufacture. 

[0006] For thermal dye transfer receivers it is always desirable to have transferred dye images with minimum mottle. 
Mottle-index values (as measured on an instrument such as a Tobias Mottle Tester) are used as a means to measure 

40 print uniformity, especially the type of nonuniformity called dropouts which manifests itself as numerous small unprinted 
areas. Mottle is conveniently minimized by using heat-resistant smooth surfaced polymeric film supports such as pol- 
yesters, however, these do not have the feel and handling properties such as are associated with photographic prints 
which customarily use a paper stock. When paper stock is used for thermal dye-transfer prints there are problems to 
a greater or lesser degree with mottle. 

45 [0007] While generally regarded as desirable, increasing the smoothness of a paper surface itself does not solve all 
problems. Smooth surface papers are not only costly, but to make papers with high surface smoothness, it is necessary 
to refine the paper fibers to a high degree to obtain good formation. This refining also causes the sheet strength to 
increase. It is known that the pulping process is a factor in fiber strength, for example, the kraft process produces 
inherently strong fibers, whereas the sulfite process produces weaker fibers. An increase in fiber strength results in a 

50 higher intrinsic sheet stiffness and less conformance to the thermal head. This in turn creates costly engineering design 
problems and/or requires higher head pressures for the printing equipment. Increased refining of paper fibers thus 
produces opposing properties and can not easily be optimized to obtain improved image uniformity. 
[0008] There is a need to develop a receiver base which can fulfill all of these requirements. That is, a base that is 
planar both before and after printing, yields an image of high uniformity and dye density, has a photographic look and 

55 is inexpensive to manufacture. It is thus an object of this invention is to provide a base for a thermal dye-transfer 
receiver which exhibits low curl and good uniformity and provides for efficient dye-transfer. 

[0009] These and other objects are accomplished in accordance with the invention, which comprises a dye-receiving 
element for thermal dye transfer comprising a cellulose fiber paper support having thereon a dye image-receiving layer, 
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wherein the paper support has a specific bending stiffness (as described in the "Handbook of Physical and Mechanical 
Testing of Paper and Paperboard." Vol. 1, R. E. Mark, ed., 1983) of less than 0.4 Nm' kg 3 for paper prepared on a 
continuous Fourdrinier wire machine as measured in the machine direction, said specific bending stiffness being de- 
termined using a bending stiffness value calculated by measuring the force required to bend a 33 mm x 70 mm area 
5 of said cellulose fiber, paper support through a 15 degree angle over a span of 20 mm according to the SCAN-p29 
method, the cellulose fibers of the paper support are fibers of hardwood varieties selected from those 

a) : having a length weighted average fiber length equal to or less than about 0.5 mm as measured after pulping 
and bleaching, or 
10 b) : a) and hardwood fibers pulped by the sulfite process. 

[001 0] By proper pulp fiber choice, it is possible to create a paper stock which has low intrinsic stiffness and therefore 
the necessary conformance to the thermal head. These fibers are of the hardwood variety. They need to be either very 
short (i.e., equal or less than 0.5 mm length weighted average fiber length after pulping and bleaching as measured, 

15 e.g., on a Kajaani Automation Inc. FS-100 Fiber Length Analyzer), or pulped in such a way (such as the sulfite process) 
as to be very weak. Consequently they can be refined to produce a sheet of good surface quality and of the necessary 
low intrinsic stiffness which will produce a thermal dye-transfer receiver for imaging with low mottle. In a preferred 
embodiment, the paper support comprises at least 50% hardwood fibers having a length weighted average fiber length 
equal to or less than about 0.5 mm as measured after pulping and bleaching. 

20 [001 1] These papers are preferably formed at 0.05 to 0.25 mm (more preferably 0.10 to 0.20 mm) in thickness and 
may be furnished with additives as is described in the art (see US 4.994.147 and EP 0 415 455). These additives 
include wet end starches (at 0 to 3%), poly(amino)amide epichlorohydrin wet strength resins (at 0 to 1%), alkyl ketene 
dimers at 0 to 0.75%, inorganic fillers (at 0 to 20%), aluminum chloride, aluminum sulfate, polyaluminum chloride or 
aluminum hydroxychlorides (at 0 to 4%), rosin or fatty acid sizes (at 0 to 4%), and optical brightening agents (at 0 to 1 %). 

25 [0012] These paper may be extrusion coated on the receiver layer side with polyolefins such as polyethylene or 
polypropylene which may optionaily contain white pigments such as titanium dioxide or zinc oxide. Alternatively, these 
papers may be laminated with oriented microvoided packaging films or synthetic papers. The laminations can be carried 
out as an extrusion lamination using polyolefins or by a variety of adhesives such as are used in the art. 
[001 3] The back-side of the paper supports (i.e., the side opposite to the receiver layer) may also similarly, be coated 

30 or laminated with a polymeric layer, packaging film, and or synthetic paper and may also further include a backing layer 
such as those disclosed in U.S. Pat. Nos. 5.011.814 and 5 096.875. 

[0014] The dye image-receiving layer of the receiving elements of the invention may comprise, for example, a poly- 
carbonate, a polyurethane, a polyester, polyvinyl chloride, poly(styrene-co-acrylonitrile), poly(caprolactone) or mixtures 
thereof. The dye image-receiving layer may be present in any amount which is effective for the intended purpose. In 

35 general, good results have been obtained at a concentration of from about 1 to about 1 0 g m 2 . An overcoat layer may 
be further coated over the dye-receiving layer, such as described in U.S. Pat. No. 4.775.657. 
[001 5] Dye-donor elements that are used with the dye-receiving element of the invention conventionally comprise a 
support having thereon a dye containing layer. Any dye can be used in the dye-donor employed in the invention provided 
it is transferable to the dye-receiving layer by the action of heat. Especially good results have been obtained with 

40 sublimable dyes. Dye donors applicable for use in the present invention are described, e.g., in U.S. patent nos. 
4,916,112. 4.927.803 and 5.023.228. 

[0016] As noted above, dye-donor elements are used to form a dye transfer image. Such a process comprises im- 
agewise-heating a dye-donor element and transferring a dye image to a dye-receiving element as described above to 
form the dye transfer image. 

is [0017] In a preferred embodiment of the invention, a dye-donor element is employed which comprises a polyeth- 
ylene terephthalate) support coated with sequential repeating areas of cyan, magenta and yellow dye, and the dye 
transfer steps are sequentially performed for each color to obtain a three-color dye transfer image. Of course, when 
the process is only performed for a single color, then a monochrome dye transfer image is obtained. 
[001 8] Thermal printing heads which can be used to transfer dye from dye-donor elements to the receiving elements 

50 of the invention are available commercially. There can be employed, for example, a Fujitsu Thermal Head (FTP-040 
MCS001), a TDK Thermal Head F415 HH7-1089 or a Rohm Thermal Head KE 2008-F3. Alternatively, other known 
sources of energy for thermal dye transfer may be used, such as lasers as described in, for example, GB No. 
2,083,726A. 

[001 9] A thermal dye transfer assemblage of the invention comprises (a) a dye-donor element, and (b) a dye-receiving 
55 element as described above, the dye-receiving element being in a superposed relationship with the dye-donor element 
so that the dye layer of the donor element is in contact with the dye image-receiving layer of the receiving element. 
[0020] When a three-color image is to be obtained, the above assemblage is formed on three occasions during the 
time when heat is applied by the thermal printing head. After the first dye is transferred, the elements are peeled apart. 
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A second dye-donor element (or another area of the donor element with a different dye area) is then brought in register 
with the dye-receiving element and the process repeated. The third color is obtained in the same manner. 
[0021] The following examples are provided to further illustrate the invention. 

5 Example 1 

[0022] Paper stocks were produced for the receiver elements from the indicated fibers or fiber blends on a production 
scale fourdrinier paper machine and had a furnish that included the following chemicals based on dry fiber weight: alkyl 
ketene dimer (0.15%), cationic starch (1.0%), polyaminoamide epichlorhydrin (0.2%), polyacrylamide resin (0.1%), 
10 diaminostilbene optical brightener (0.14%) and sodium bicarbonate (1 %). The papers were surface sized by treatment 
with a solution of hydroxyethylated starch and sodium chloride. The chemical addenda and surface sizing are well- 
know techniques in the paper art and are not considered critical to the practice of the invention. The following paper 
stocks were produced: 

is A1) A paper made from a 1:1 blend of Pontiac Maple 51 (a bleached maple hardwood kraft of 0.5 mm length 

weighted average fiber length) (Consolidated Pontiac, Inc.) and Alpha Hardwood Sulfite (a bleached red-alder 
hardwood sulfite of 0.69 mm average fiber length) (Weyerhaeuser Paper Co.) formed at 0.17 mm thickness and 
0.18 kg/m 2 basis weight. 

A2) As A1 but formed at 0.14 mm thickness and 0.16 kg/m 2 basis weight. 
20 A3) As A1 but formed at 0.13 mm thickness and 0.15 kg/m 2 basis weight. 

A4) A paper made from Pontiac Maple 51 fibers only formed at 0.15 mm thickness and 0.17 kg/m 2 basis weight. 
A5) As A4 but formed at 0.12 mm thickness and 0.15 kg/m 2 basis weight. 

[0023] The produced paper stocks were each extruded on the receiver side with pigmented polypropylene-polyeth- 
25 ylene (80:20 wt. ratio) containing anatase titanium dioxide (approximately 6 weight %) and zinc oxide (1 .5 weight %) 
at a total coverage of 22 g/m 2 . The back side of each stock was extruded with unpigmented polyethylene at 22 g/m 2 
and had a gelatin based antistat-anticurl coating commonly used in the photographic art. 

[0024] Thermal dye transfer receiver elements were prepared by coating the following layers in order on the pig- 
mented polyolefin layer coated paper stock supports: 

30 

a) Subbing layer of Z-6020 (an aminoalkylene aminotrimethoxysilane) (Dow Corning Co.) (0. 1 0 g/m 2 ) from ethanol. 

b) Dye receiving layer of Makrolon 5700 (a bisphenol-A polycarbonate)(Bayer AG)(1.6 g/m 2 ), a copolycarbonate 
of bisphenol-A and diethylene glycol (1.6 g/m 2 ), diphenyl phthalate (0.32 g/m 2 ), di-n-butyl phthalate (0.32 g/m 2 ), 
and Fluorad FC-431 (fluorinated dispersant)(3M Corp.) (0.011 g/m 2 ) from dichloromethane. 

35 C ) Dye receiver overcoat layer of a linear condensation polymer considered derived from carbonic acid, bisphenol- 

A and diethylene glycol (50:50 mole ratio) (0.22 g/m 2 ), 510 Silicone Fluid (Dow Corning Co.)-(0.16 g/m 2 ), and 
Fluorad FC-431 (0.032 g/m 2 ) from dichloromethane. 

[0025] Control receivers were produced with paper stocks C1 and C2: 

40 

C1 ) A paper made from a 1 :1 blend of Pontiac Hardwood PF81 (a bleached predominantly birch, maple and poplar 
kraft of 0.7 mm length weighted average fiber length) (Consolidated Pontiac, Inc.) and Tempure 95 (a bleached 
predominantly spruce and balsam softwood sulfite of 1 .6 mm length weighted average fiber length) (Tembec Inc.) 
formed at 0.19 mm thickness and 0.19 kg/m 2 basis weight. This stock is not unlike that used for commercial pho- 

45 tographic papers. The same extruded polyolefin layers and (a) subbing layer, (b) dye-receiving layer, and (c) dye- 

receiver overcoat were coated to form the control receiver as described above for the invention receivers. 
C2) A paper made from a 3:1 blend of Bleached Eucalyptus Kraft Pulp (a bleached eucalyptus hardwood kraft of 
0.7 mm length weighted average fiber length) (Aracruz Cellulose, S.A.) and Pontiac Maple 51 (a bleached hard- 
wood maple kraft of 0.5 mm length weighted average fiber length) formed at 0.16 mm thickness and 0.17 kg/m 2 

so basis weight. The same extruded polyolefin layers, (b) dye-receiving layer, and (c) dye-receiver overcoat were 

coated to form the control receiver as described above for the invention receivers. A subbing layer of 0.07 g/m 2 
poly(acrylonitrile-co-vinylidene chloride-co-acrylic acid) (15:78:7 wt. ratio) was coated from methylethylketone in 
place of subbing layer (a). 

A paper stock used on a commercial sample of a thermal dye-transfer receiver was evaluated as a comparison: 
55 C3) A paper stock isolated from Fujix Video Graphic Paper VP-H100 (Fujix Photo Film KK). This thermal print 

paper consists of a polyester receiving layer, and polyolefin layer coated on a 0.1 6 mm thick paper stock. The dye- 
receiver polymer layer was removed by xylene treatment as described below. Physical properties suggest the 
paper stock consists of red alder hardwood sulfite fibers, mixed hardwood kraft fibers (primarily maple, birch and 
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poplar), and mixed softwood fibers (primarily spruce and balsam species) approximately equal or greater than 0.6 
mm length weighted average fiber length. Because this was a commercial sample, the fiber length had to be 
measured after being processed into paper and redispersed as a slurry which would effectively shorten average 
fiber length. 

[0026] Fiber lengths of all pulps except the commercial sample C3 were evaluated using an FS-100 Fiber Length 
Analyzer (Kajaani Automation Inc.). 

[0027] For the purposes of evaluation of basis weight and stiffness on an equivalent basis, each complete receiver 
with extruded polyolefin layer, subbing layer, dye-receiving layer, and dye-receiver overcoat layer was subjected to a 
solvent treatment to remove all coated layers from the paper stock itself. The dye receiver was treated with agitation 
for one minute in a tray of xylene heated between 32 and 38°C. This process was repeated using a second portion, 
after which the paper sample was air dried on paper toweling and conditioned to 50% RH, 22 °C. 
[0028] The basis weight of each paper was determined by weighting a 38 cm x 70 cm area of each solvent treated 
and conditioned paper stock. Basis weight (kg/m 2 ) and thickness (mm) then determine density (kg/m 3 ). Thickness was 
determined by a TMI Caliper Gauge (Texting Machines, Inc.). 

[0029] The inherent sheet strength of the paper stock was measured by determining the bending stiffness (S^ and 
then calculating the specific bending stiffness (S b *) as described in the "Handbook of Physical and Mechanical Testing 
of Paper and Paperboard Vol 1", R. E. Mark, ed. 1983. The force required to bend a 38 mm x 70 mm area of paper 
stock (the same sample as used for basis weight) through a 15 degree angle (0.262 radians) over a span of 20 mm 
was determined using the SCAN-p29 method using a L and W 10-1 Stiffness Tester (Lorentzen and Wettre Co.) and 
using the following relationship: 

s b = [eo(F)«?wie k] 

where: 

S b = bending stiffness (Newton meters, Nm) 
F = measured bending force (Nm/mm) 
6= angle (15°) 
jt= : 3.141592654 
e= span (20 mm) 

[0030] To compare stiffness for materials of different basis weights, specific bending stiffness (S,,*), is calculated: 


where: 

40 

S b * = specific bending stiffness (Nm 7 /kg 3 ) 
W = basis weight (kg/m 2 ) 

[0031] Magenta dye containing thermal dye transfer donor elements were prepared by coating on 6 urn poly(ethylene 
45 terephthalate) support: 

a) a subbing layer of Tyzor TBT (a titanium tetra-n-butoxide) (duPont Co.) (0.12 g/m 2 ) from 1-butanol. 

b) a dye-layer containing the magenta dyes illustrated below (0.12 and 0.1 3 g/m 2 ) and S-363 (Shamrock Technol- 
ogies, Inc.) (a micronized blend of polyolefin and oxidized polyolefin particles) (0.016 g/m 2 ), in a cellulose acetate 

50 propionate binder (2.5% acetyl, 45% propionyl) (0.40 g/m 2 ) from a toluene, methanol, and cyclopentanone solvent 

mixture. 

[0032] On the backside of the dye donor element was coated: 

55 a) a subbing layer of Tyzor TBT (a titanium tetra-n-butoxide) (duPont Co.) (0.12 g/m 2 ) from 1-butanol 

b) a slipping layer of Emralon 329 (a dry film lubricant of poly(tetrafluoroethylene) particles) (Acheson Colloids 
Co.) (0.59 g/m 2 ), BYK-320 (a polyoxyalkylene-methylalkyl siloxane copolymer) (BYK Chemie USA) (0.006 g/m 2 ), 
PS-513 (an aminopropyl dimethyl terminated poly dimethyl siloxane) (Petrarch Systems, Inc.) (0.006 g/m 2 ), and 
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S-232 (a micronized blend of polyethylene and carnauba wax particles) (Shamrock Technologies, Inc.) (0.016 g/ 
m 2 ) coated from a toluene, n-propyl acetate, 2-propanol and 1-butanol solvent mixture. 


[0033] The magenta dye structures are: 


"3^ ^CM 

y—H=jj— ^ y— K(C a H 5 ) (CH 2 


O 

CN II 

(ch > n— (f ^y— C=( I 

2 \=/ y=n 

N ( CHj ) 2 

25 [0034] The dye side of the dye-donor element approximately 1 0 cm x 1 5 cm in area was placed in contact with the 
polymeric receiving layer side of the dye-receiver element of the same area. The assemblage was fastened to the top 
of a motor-driven 56 mm diameter rubber roller and a TDK Thermal Head L-231 (No. 6-2R1 6-1 ), thermostated at 26°C, 
was pressed with a force of 9 Newtons against the dye-donor element side of the assemblage pushing it against the 
rubber roller. 

30 [0035] The imaging electronics were activated and the assemblage was drawn between the printing head and roller 
at 7 mm/sec. Coincidental^, the resistive elements in the thermal print head were pulsed at 128 usee intervals (29 
Usec/pulse) during the 33 msec/dot printing time. The voltage supplied to the print head was approximately 23. 5v with 
a power of approximately 1.3 watts/dot and energy of 7.6 mjoules/dot to create a "mid-scale" test image of uniform 
density (0.2-0.5 density units) over an area of approximately 9 cm x 12 cm. 

35 [0036] After printing the donor element was separated from the receiving element and the nonuniformity (mottle) of 
the magenta image was measured on a Tobias MT1 Mottle Tester (Tobias Associates, Inc.) at 64 readings/data point, 
0.38 mm spacing, 186 data points/scan, 4.5 mm filter width, 20 scans/sample. Three replicates of each sample were 
printed and measured for uniformity. The average mottle index obtained is tabulated in Table I below for each different 
paper stock. 

40 [0037] A mottle index of not greater than 350 is desired; receiver images stocks with a mottle index greater than 350 
have been found by experience to be visually objectionable. 


Table I 


Paper Stock 

Bending Stiffness (Nm) 

Specific Bending Stiffness (Nm 7 /kg 3 ) 

Mottle Index (Relative) 

A1 

0.0018 

0.31 

270 

A2 

.0013 

0.32 

270 

A3 

.0010 

0.30 

270 

A4 

.0016 

0.33 

280 

A5 

.0008 

0.24 

280 

C1 

.0029 

0.42 

390 

C2 

.0021 

0.43 

>500 

C3 

.0024 

0.49 

>500 


[0038] The data above show that a specific bending stiffness as measured in the machine direction of less than 0.40 


6 

Copied from 1.0<>58899 on 03/29/2007 


EP 0 551 893 B2 


for paper stock made on a production scale fourdrinier paper machine will result in a thermal dye-transfer receiver with 
lessened mottle. Paper stock which produces a receiver of low mottle is characterized as derived from hardwood fibers 
either very short in length or pulped by a process, such as the sulfite process, that gives characteristically weak fibers. 

5 Example 2 

[0039] This example is similar to Example 1 and uses paper stocks produced on a production scale fourdrinier paper 
machine but instead of single extruded polyolefin layer, a microvoided composite packaging film was extrusion lami- 
nated with unpigmented low density polyethylene to the paper stock. The polyethylene inner layer was present at 13 
10 g/m 2 . The backside of the paper stock was extruded with high density polyethylene (22 g/m 2 ). 

[0040] The microvoided composite packaging film used was BICOR OPPalyte 300 HW (Mobil Chemical Co.)-(38 
urn thick) consisting of a microvoided and orientated polypropylene core (approximately 75% of the total film thickness) 
with a layer of non-microvoided orientated polypropylene on each side. 
[0041] The following paper stock was produced: 

15 

A6) As A1 formed at 0.16 mm thickness and 0.18 kg/m 2 basis weight. 

Thermal dye transfer receivers were prepared as described in Example 1 by coating the same three layers 

(a) subbing layer, (b) dye-receiving layer, and (c) dye-receiver overcoat layer, except the polymer for the overcoat 
layer was a linear condensation polymer considered derived from carbonic acid, bisphenol-A, diethylene glycol, 

20 and an aminopropyl terminated poly dimethylsiloxane (49:49:2 mole ratio) (0.22 g/m 2 ). 

A paper stock was produced for a control receiver C4 (the same microvoided composite packaging film was 
extrusion laminated with unpigmented polyethylene to the paper stock and the same three layers (a) subbing layer, 

(b) dye-receiving layer, and (c) dye-receiver overcoat layer were coated as described above for the invention 
receivers), differing only in the composition of the paper stock. 

25 C4) As C1 formed at 0.20 mm thickness and 0.19 kg/m 2 basis weight. This stock is not unlike that used for com- 

mercial photographic papers. 

The same xylene solvent treatment was used prior to evaluation of the basis weight, bending stiffness, and 
specific bending stiffness for the invention and control as described in Example 1. 

30 [0042] The same magenta dye-donor, printing procedure to produce a mid-scale magenta image and mottle evalu- 
ation were prepared and used as in Example 1. The results are presented in Table II. 


Paper Stock 

Bending Stiffness (Nm) 

Specific Bending Stiffness (Nm 7 /kg 3 ) 

Mottle Index (Relative) 

A6 

0.0015 

0.26 

200 

C4 

0.0030 

0.44 

420 


[0043] The above data show the lessened mottle obtained from the hardwood blend paper stock of the invention 
compared to the control consisting of the hardwood-softwood blend. 


Example 3 

[0044] This example is similar to Example 1 but provides additional data on paper stocks produced in a laboratory 
sheet mold rather than a production scale fourdrinier paper machine. The wood pulp fibers were first refined in a valley 
beater as described in TAPPI T200 OM-85. Each fiber slurry was diluted to 1 % based on the dry fiber, and the following 
chemicals based on the dry fiber weight were added: alkyl ketene dimer (0.15%), cationic corn starch (1.0%), poly 
(amino) amide epichlorhydrin resin (0.2%), and polyacrylamide resin (0.1 %) diaminostilbene optical brightener (0.14%) 
and sodium carbonate (1%). Paper sheets were form at 3.4 g as described in TAPPI T205 OM-88 except that the 
pressed sheets were dried on a felted drum dryer at 95 °C. All dried sheets were calendered to bring them to their final 
density. 

[0045] Each sheet was fastened to a paper web and then overcoated with pigmented polyethylene containing anatase 
titanium dioxide (approximately 6 weight %) and zinc oxide (1 .5 weight %) at a total coverage of 19 g/m 2 . The backside 
of each sheet was also coated with 19 g/m 2 unpigmented polyethylene. These paper stocks with the polyolefin layers 
represented the thermal dye-transfer receivers. 
[0046] The following paper stocks were produced: 
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A7) As A4 and formed at 0.15 mm thickness and 0.17 kg/m 2 basis weight. 

A8) A paper made from Alpha Hardwood Sulfite (a bleached red alder hardwood sulfite of 0.7 mm length weighted 
average fiber length) (Weyerhauser Paper Co.) formed at 0.15 mm thickness and 0.19 kg/m 2 basis weight. 
A9) As A1 and formed at 0.15 mm thickness and 0.18 kg/m 2 basis weight. 
5 Paper stocks were produced on a laboratory sheet mold as described above as controls (the same extruded 

polyolefin layers were present on the front and back and as with the paper stocks of the invention; no dye-receiver 
layers as such were coated): 

C5) A paper made from Pinacle Prime (a bleached primarily oak hardwood kraft of 0.8 mm length weighted average 
fiber length) (Westvaco Corp.) formed at 0.16 mm thickness and 0.19 kg/m 2 basis weight. 
10 C6) A paper made from Port Hudson Hardwood (a bleached mixed oak, gum, elm, and ash hardwood kraft of 0.9 

mm length weighted average fiber length (Georgia Pacific Co.) formed at 0.15 mm thickness and 0.19 kg/m 2 basis 
weight. 

C7) A paper made from Leaf River 90 Bleached Hardwood (a bleached oak and gum mixture hardwood kraft of 
0.9 mm length weighted average fiber length (Georgia Pacific Co.) formed at 0.16 mm thickness and 0.19 kg/m 2 
15 basis weight. 

C8) A paper made from Prince Albert Aspen Hardwood (a bleached aspen hardwood kraft of 0.7 mm length weight- 
ed average fiber length) formed at 0.15 mm thickness and 0.18 kg/m 2 basis weight. 

C9) As C1 and formed at 0.16 mm and 0.19 kg/m 2 basis weight. This stock is not unlike that used for commercial 
photographic papers. 

20 C10) A paper made from Kamloops Kraft (a bleached blend of British Columbian softwood kraft of 2.2 mm length 

weighted average fiber length) formed at 0.16 mm thickness and 0.19 kg/m 2 basis weight. 
C11) A paper made from Columbus Pine (a bleached mixed southern yellow pine softwood kraft of 2.3 mm length 
weighted average fiber length) formed at 0.16 mm thickness and 0.20 kg/m 2 basis weight. 
C1 2) A paper made from Leaf River 90 (a bleached loblolly pine softwood kraft of 2.4 mm length weighted average 

25 fiber length) formed at 0.16 mm thickness and 0.18 kg.m 2 basis weight. 


[0047] Basis weight, bending stiffness and specific bending stiffness as described in Example 1 were measured on 
the hand sheets before polyolefin extrusion. 

[0048] The same magenta dye-donor, printing procedure to produce a mid-scale magenta image, and mottle eval- 
30 uation were prepared and used as in Example 1 except the printing was done directly on the pigmented polyethylene 
resin. The results are presented in Table III. 


Table III 


Paper Stock 

Bending Stiffness (Nm) 

Specific Bending Stiffness (Nm 7 /kg 3 ) 

Mottle Index (Relative) 

A7 

0.0012 

0.21 

250 

A8 

0.0012 

0.17 

320 

A9 

0.0013 

0.19 

280 

C5 

0.0016 

0.23 

410 

C6 

0.0015 

0.22 

390 

C7 

0.0017 

0.25 

370 

C8 

0.0017 

0.29 

380 

C9 

0.0017 

0.25 

360 

C10 

0.0021 

0.31 

>500 

C11 

0.0022 

0.28 

470 

C12 

0.0017 

0.29 

>500 


[0049] The data above show that the A7 hardwood kraft short fibered paper (approximately 0.5 mm in length), A8 
hardwood sulfite paper, or A9 hardwood kraft and hardwood sulfite blend paper when used as the paper stock for a 
thermal dye transfer receiver all gave less mottle than any of the comparisons using a hardwood kraft of longer fiber 
length (approximately 0.7 mm or greater) C5 to C8, or the softwood kraft comparisons C10 to C12. The paper C9, 
resembling commercial photographic paper stock composed of a hardwood kraft of long fiber length and a softwood 
kraft was also unsatisfactory. 
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[0050] In Example 1 and 2 it was indicated that a specific bending stiffness of less 0.4 was desirable. The specific 
bending stiffness for these hand sheets is not directly comparable to papers made on a production machine due to 
lack of fiber orientation and lack of directionality of drying restraint. In this instance a specific bending stiffness of less 
than 0.22 appears desirable (for example S b * of 0.21 for A9 compares to S b * of 0.31 for A1 and S b * of 0.24 for C9 
compares to S b * of 0.41 for C1) for paper stocks produced in a laboratory sheet mold rather than a production scale 
fourdrinier paper machine. 


Claims 

w 

1 . A dye-receiving element for thermal dye transfer comprising a cellulose fiber paper support having thereon a dye 
image-receiving layer, characterized in that the paper support has a specific bending stiffness of less than about 
0.4 Nm 7 /kg 3 for paper prepared on a continuous Fourdrinier wire machine as measured in the machine direction, 
said specific bending stiffness being determined using a bending stiffness value calculated by measuring the force 

'5 required to bend a 38 mm x 70 mm area of said cellulose fiber paper support through a 15 degree angle over a 

span of 20 mm according to the SCAN-p29 method, the cellulose fibers of the paper support are fibers of hardwood 
varieties selected from those 

a) : having a length weighted average fiber length equal to or less than about 0.5 mm as measured after pulping 
20 and bleaching, or 

b) : a) and hardwood f bers pulped by the sulfite process. 

2. The element of claim 1 , further characterized in that a polyolefin layer is coated between the paper support and 
the dye image-receiving layer. 

25 

3. The element of claim 2, characterized in that the polyolefin layer is pigmented. 

4. The element of claim 1 , further characterized in that a microvoided polymeric layer is present between the paper 
support and the dye image-receiving layer. 

5. The element of claim 1 , further characterized in that the paper support has a thickness of from 0.05 to 0.25 mm. 

6. The element of claim 1 , further characterized in that the cellulose fibers of the paper support comprise at least 50 
% hardwood fibers having a length weighted average fiber length equal to or less than about 0.5 mm as measured 

35 after pulping and bleaching. 

7. The element of claim 1 , further characterized in that the cellulose fibers of the paper support consist essentially 
of hardwood fibers having a length weighted average fiber length equal to or less than about 0.5 mm as measured 
after pulping and bleaching. 

8. A process of forming a dye transfer image comprising: 

a) imagewise-heating a dye-donor element comprising a support having thereon a dye layer comprising a dye 
dispersed in a binder, and 

45 

b) transferring a dye image to the dye-receiving element of claim 1 to form said dye transfer image. 

9. A thermal dye transfer assemblage comprising: 

so a) a dye-donor element comprising a support having theron a dye layer comprising a dye dispersed in a binder, 

and 

b) the dye-receiving element of claim 1, said dye-receiving element being in a superposed relationship with 
said dye-donor element so that said dye layer is in contact with said dye image-receiving layer. 

55 
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Patentanspriiche 

1. Farbstoff-Empfangselement fur die thermische Farbstoffubertragung mit einem Cellulosefaser-Papiertrager, auf 
dem sich eine Farbbild-Empfangsschicht befindet, dadurch gekennzeichnet, daft der Papiertrager eine spezifische 

5 Biegefestigkeit von weniger als etwa 0,4 Nm 7 /kg 3 fur Papier, hergestellt auf einer kontinuierlich arbeitenden 

Fourdrinier-Drahtnetzmaschine, gemessen in der Maschinenrichtung, aufweist, wobei die spezifische Biegefestig- 
keit bestimmt wurde, indem ein Biegefestigkeitswert verwendet wurde, der berechnet wurde, indem die Kraft ge- 
messen wurde, die notig war, um eine Flache von 38 mm x 70 mm des Cellulosefaser-Papiertragers urn einen 
Winkel von 15° iiber eine Spannweite von 20 mm gemaft der SCAN-p29-Methode zu biegen, wobei die Cellulo- 

10 sefasern des Papiertragers Fasern von Hartholzsorten sind, die ausgewahlt sind aus solchen von 

a): die eine LSngen-gewichtete mittlere Faserlange gleich oder kleiner als ca. 0,5 mm, gemessen nach dem 
Holzaufschluft und Bleichen, aufweisen oder 

15 b): a) und Hartholzfasern, die durch das Sulfitverfahren aufgeschlossen wurden. 

2. Element nach Anspruch 1, weiter dadurch gekennzeichnet, daft zwischen dem Papiertrager und der Farbbild- 
Empfangsschicht eine Polyolefinschicht aufgetragen ist. 

20 3. Element nach Anspruch 2, dadurch gekennzeichnet, daft die Polyolefinschicht pigmentiert ist. 

4. Element nach Anspruch 1 , weiter dadurch gekennzeichnet, dafi eine Mikroporen aufweisende polymere Schicht 
zwischen dem Papiertrager und der Farbbild-Empfangsschicht vorhanden ist. 

25 5. Element nach Anspruch 1 , weiter dadurch gekennzeichnet, daft der Papiertrager eine Dicke von 0,05 bis 0,25 mm 
aufweist. 

6. Element nach Anspruch 1 , weiter dadurch gekennzeichnet, daft die Cellulosefasern des Papiertragers zu minde- 
stens 50 % aus Hartholzfasern mit einer Langen-gewichteten mittleren Faserlange von gleich oder kleiner als etwa 

30 0,5 mm, gemessen nach dem Holzaufschluft und Bleichen, bestehen. 

7. Element nach Anspruch 1 , weiter dadurch gekennzeichnet, daft die Cellulosefasern des Papiertragers im wesent- 
lichen aus Hartholzfasern bestehen, die eine Langen-gewichtete mittlere Faserlange von gleich oder kleiner als 
etwa 0,5 mm, gemessen nach dem Holzaufschluft und Bleichen, aufweisen. 

35 

8. Verfahren zur Herstellung eines Farbstoffubertragungsbildes, bei dem man: 

a) ein Farbstoff-Donorelement mit einem Trager, auf dem sich eine Farbstoffschicht mit einem in einem Bin- 
demittel dispergierten Farbstoff befindet, bildweise erhitzt, und 

40 b) ein Farbstoffbild auf das Farbstoff-Empfangselement nach Anspruch 1 ubertragt, um das Farbstoffubertra- 

gungsbild zu bilden. 

9. Zusammenstellung fur die thermische Farbstoffubertragung mit: 

45 a) einem Farbstoff-Donorelement mit einem Trager, auf dem sich eine Farbstoffschicht mit einem in einem 

Bindemittel dispergierten Farbstoff befindet, und 

b) dem Farbstoff-Empfangselement nach Anspruch 1, wobei sich das Farbstoff-Empfangselement in uberge- 
ordneter Beziehung zu dem Farbstoff-Donorelement befindet, so daft die Farbstoffschicht in Kontakt mit der 

50 Farbbild-Empfangsschicht gelangt. 


Revendlcations 

55 1 . Element recepteur de colorant pour transfert de colorant par la chaleur comprenant un support de papier de fibres 
de cellulose revetu d'une couche receptrice d'image de colorant, caracterise en ce que le support de papier a une 
rigidite a la flexion specifique inferieure a environ 0,4 Nm 7 /kg 3 pour un papier prepare sur une machine a papier 
Fourdrinier a toile continue, telle que mesuree dans la direction de la machine, ladite rigidite a la flexion specifique 
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etant determinee en utilisant une valeur de rigidite a la flexion calculee en mesurant la force requise pour courber 
une surface de 38 mm x 70 mm dudit support de papier de fibres de cellulose selon un angle de 15° sur un 
ecartement de 20 mm en utilisant le precede SCAN-p29, les fibres de cellulose du support de papier etant des 
fibres de feuillus choisies parmi les fibres 

a) ayant une longueur de fibres moyenne ponderee inferieure ou egale a 0,5 mm environ, mesuree apres 
fabrication de la pate a papier et blanchiment, ou 

b) a) et des fibres de feuillus reduites en pate a papier au moyen d'un precede utilisant du sulfite. 

Element selon la revendication 1, caracterise en outre en ce qu'une couche de polyolefine est appliquee entre le 
support de papier et la couche receptrice d'image de colorant. 

Element selon la revendication 2, caracterise en ce que la couche de polyolefine est pigmentee. 

Element selon la revendication 1 , caracterise en ce qu'une couche polymere a microvides est presente entre le 
support de papier et la couche receptrice d'image de colorant. 

Element selon la revendication 1 , caracterise en outre en ce que le support de papier a une epaisseur de 0,05 a 
0,25 mm. 

Element selon la revendication 1, caracterise en outre en ce que les fibres de cellulose du support de papier 
comprennent au moins 50% de fibres de feuillus ayant une longueur de fibre moyenne ponderee inferieure ou 
egale a 0,5 mm environ, mesuree apres fabrication de la pate a papier et blanchiment. 

Element selon la revendication 1, caracterise en outre en ce que les fibres de cellulose du support de papier 
comprennent essentiellement des fibres de feuillus ayant une longueur de fibre moyenne ponderee inferieure ou 
egale a 0,5 mm environ, mesuree apres fabrication de la pate a papier et blanchiment. 

Precede permettant de former une image par transfert de colorant dans lequel : 

a) on chauffe conformement a I'image un element donneur de colorant comprenant un support revetu d'une 
couche de colorant comprenant un colorant disperse dans un liant, et 

b) on transfere I'image de colorant sur un element recepteur de colorant selon la revendication 1 afin de former 
ladite image de colorant par transfert de colorant. 

Assemblage pour transfert de colorant par la chaleur comprenant : 

a) un element donneur de colorant comprenant un support revetu d'une couche de colorant comprenant un 
colorant disperse dans un liant, et 

b) un element recepteur de colorant selon la revendication 1 , ledit element recepteur de colorant etant super- 
pose audit element donneur de colorant, de sorte que ladite couche de colorant soit en contact avec ladite 
couche receptrice d'image de colorant. 
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